Among quadrupedal gaits, the galloping gait has specific characteristics in terms of locomotor behavior. In particular, it shows a left-right asymmetry in gait parameters such as touchdown angle and the relative phase of limb movements. 
contralateral hindlimb, the contralateral forelimb, and the ipsilateral forelimb. show a rotary gallop with just one flight phase at low speeds [25] 
where during the swing phase).
86
By using m, l 0 , and l 0 /g as the characteristic mass, length, and time 87 scale of our model, the state variables and parameters become dimensionless as
and l * i = l i /l 0 , which yields the dimensionless equations of (1) by 
where z * n is the value of z * at the nth intersection with the Poincaré section and 126 u * is the parameter set. When we denoteẑ * for the fixed point on the Poincaré 127 section, we obtainẑ
128
In this paper, because the left-right touchdown angle differences are not 
132
In this condition, we can write the touchdown angles using the difference δ
, and the parameter set of this model is given by
We used the following four constraints:
, and F r = F r 0 , where F r is the Froude number defined by
and τ * is a dimensionless one gait cycle [1] . We determined I * = 0. unstable, and when the locomotion speed increases, the gaits become stable.
160
The dimensionless spring stiffness was estimated as 7 
167
To evaluate the biological relevance of the obtained gaits, we compared the 
Discussion

208
In this paper, we produced galloping gaits using a simple model with a rigid 
Asymmetric gait parameters
214
In quadrupedal galloping gaits, the relative phase between the left and right 215 limbs is away from the antiphase, irrespective of species, as shown in Fig. 1A [1] .
216
In addition, the relative phase decreases and approaches in-phase as the loco- ascertained from the energy transfer during one gait cycle in Fig. 7 
